Introduction: Associations found between pulse wave velocity (PWV) and cardiovascular risk factors (CVrF) are diverse. We aimed to evaluate whether differences in PWV and its associations with CVrF in a high cardiovascular risk population exist between genders and between the whole population (WHgr) and groups of apparently healthy (AHgr) and those of hypertensive, obese or diabetics (Rgr). Material and methods: Pulse wave velocity measured by Arteriograph was investigated in 805 adults aged 20-65, randomly selected from the Tallinn Population Register. Results: Pulse wave velocity was the highest in Rgr and no differences were found between genders of the same group. In women of WHgr and AHgr age and SBP with addition of BMI and apolipoprotein B (ApoB) were associated with 54% and 48%, and without ApoB in Rgr with only 30% of PWV values. In men aged ≥ 50 of WHgr with elevated SBP odds ratios for increased PWV were 25.3 and 3.5, in Rgr 21.2 and 2.2, in those aged ≥ 50 AHgr 28.4. In women aged ≥ 50 of WHgr with elevated SBP and diabetes odds ratios were 5.5, 4.9 and 4.0, in Rgr with elevated SBP and diabetes 3.6 and 3.7, in those aged ≥ 50 AHgr 29.3. Conclusions: The associations of ApoB and BMI with PWV and diabetes with elevated PWV indicative of increased aortic stiffness were unique for women. Aging and SBP were related to PWV even in AHgr, although age ≥ 50 years in Rgr women and normal SBP in AHgr were not associated with elevated PWV.
Introduction
According to the data on mortality rates of cardiovascular disease (CVD) of the European Guideline on cardiovascular disease prevention in clinical practice, Estonia belongs to the high-risk countries [1] . The high prevalence of cardiovascular disease risk factors and hypertension in the adult population of Tallinn, the capital of Estonia, was also demonstrated in recently published studies [2, 3] . Cardiovascular (CV) risk is a result of many interacting risk factors [1] . The term 'CV risk factors' refers to the significance of these factors for the prevention of cardiovascular morbidity and mortality. Conventional risk factors such as age and family history of early heart disease and modifiable risk factors, such as high blood pressure, cigarette smoking, high blood total or low-density lipoprotein cholesterol, diabetes mellitus, and obesity, are among widely known CV risk factors. In addition, novel or non-traditional risk factors, such as C-reactive protein, lipoprotein (a), homocysteine, apolipoproteins, and some other biochemical markers and clinical conditions, have been identified as CV risk factors [4] .
In recent decades, pulse wave velocity (PWV) as a measure of arterial stiffness has been increasingly used for CV risk assessment. It has been shown to enable prediction of the CVD morbidity and mortality [5] [6] [7] .
Several studies have associated arterial stiffness and PWV, its measure, with such CV risk factors as hyperlipidemia, hyperhomocysteinemia, high level of C-reactive protein, obesity, metabolic syndrome, and diabetes [8] [9] [10] [11] [12] [13] . However, only a few studies have demonstrated the ability of CV risk factors other than age and blood pressure to explain the variations of PWV values, which was also confirmed by a systematic evaluative review of factors associated with PWV [14] . The discrepancies of published results are not surprising because the CV risk characteristics of the investigated populations were highly heterogeneous.
The purpose of our study was to investigate PWV and CV risk factors in a high-risk population of Tallinn adults. We also aimed to evaluate whether differences in the distribution of PWV and its associations with CV risk factors exist between genders and between the whole population (WHgr) and groups of apparently healthy (AHgr) and those of hypertensive, obese or diabetics (Rgr). We analyzed associations both between numerical continuous data of PWV and CV risk factors, and between their dichotomous values, classified by levels indicative of CV risk.
Material and methods

Subjects
The current investigation is a part of the cross-sectional population-based study of CV risk factors in Tallinn adults, Estonia, carried out in [2007] [2008] [2009] . The representative sample of population aged 20-65 was randomly selected from the Estonian Population Register, based on predefined age decades and sex, 200 subjects from each group. The sample size was determined according to the WHO protocol of the Countrywide Integrated Non-communicable Disease Intervention (CINDI) Programme (CINDI Protocol and Guidelines. Copenhagen: WHO Regional Office for Europe, 1996) . The response rate was 55% for men and 64% for women, which accounted for 1184 responders. The data collected were analyzed in three directions. One study analyzed the prevalence of CVD risk factors (except PWV) in the investigated population, composed of 1111 participants with corresponding complete data [2, 3] . The other study was focused on the correlation of oxLDL and cholesterol of LDL particles, based on a smaller sample population due to the absence of specially pre-treated blood samples for part of the responders [15] . The present study with the focus on PWV consisted of 805 participants for whom data on acceptable PWV measurements were available.
The study was performed in accordance with the Helsinki Declaration of 1983 and approved by the Tallinn 
Collection of data on cardiovascular risk factors
An experienced and specially trained physician interviewed the participants by a structured questionnaire about basic data, including age, sex, smoking history, and past medical history. The most important facts from the medical history were the presence of hypertension, diabetes, heart disease, and current medication usage, especially against high blood pressure, diabetes and elevated lipids. The levels of blood pressure and lipids were assessed, as taken on the day of investigation, without any consideration of medication usage.
At the same visit, the physician also measured weight, height and body mass index (BMI). Body mass index was calculated as the weight in kilograms divided by the height in meters squared [BMI = weight (kg)/height (m 2 )]. After a 5-minute rest, the blood pressure was measured by a mercury sphygmomanometer two times on the right arm. Diastolic blood pressure was recorded by the Korotkoff fifth phase. The mean of two blood pressure readings was used for the analysis.
Venous blood samples were obtained in the participants in a sitting position after an overnight fast between 8.00 and 11.00 a.m. Blood was collected from the cubital vein using the standard method with Vacutainer tubes (BD Vacutainer, Belliver Industrial Estate, Plymouth; Becton, Dickinson and Co., UK). Biochemical CV risk markers were measured by reagents obtained from Roche (Roche Diagnostics, Mannheim) within 4 h of blood sampling on the day of collection at the Laboratory of Clinical Chemistry, North Estonian Medical Centre.
An experienced and specially trained physician performed PWV measurements by Arteriograph (TensioMed Ltd., Budapest, Hungary). Subject con-dition was standardized according to the recommendation on general user procedures for arterial stiffness devices.
Assessment criteria for investigated parameters indicative of cardiovascular risk
Age of participants equal to or above 50 years was defined as the age of CV risk [1] . A subject was defined as a smoker in the case of smoking at least one cigarette every day for the last 12 months. Presence of diabetes was considered if the participant knew about a diabetes diagnosis at the time of examination. BMI of participants ≥ 30 kg/m 2 was defined as obesity (WHO 2015) . According to the recommendation of ESC/ESH Hypertension Guidelines 2013 for office blood pressure, the subjects with systolic blood pressure (SBP) ≥ 140 mm Hg and/or diastolic blood pressure (DBP) ≥ 90 mm Hg were considered as hypertensive.
The values of biochemical markers were assumed indicative of CV risk at total cholesterol (TC) > 5.0 mmol/l, triglycerides (TG) ≥ 1.7 mmol/l, apolipoprotein B-100 (ApoB) > 2.6/2.3 μmol/l, low-density lipoprotein cholesterol (LDL-C) ≥ 3.0 mmol/l, homocysteine (Hcy) ≥ 12 μmol/l, lipoprotein (a) (Lp(a)) > 0.3 g/l, high-sensitivity C-reactive protein (hsCRP) > 3.0 mg/l, apolipoprotein A-I (ApoAI) < 37/39 μmol/l, and high-density lipoprotein cholesterol (HDL-C) < 1.0/1.3 mmol/l, with the first value appropriate for men and the second appropriate for women.
Values of PWV equal to or above 9.7 m/s were defined as indicative of increased aortic stiffness. This categorization was based on the recommendations of the software of Arteriograph on PWV values interpreted as increased or abnormal.
Statistical analysis
Statistical analysis was performed by MedCalc statistical package version 14.8.1 (MedCalc Software, Ostend, Belgium; http://www.medcalc. org; 2014). Non-parametric statistics were applied with the presentation of all parameters as medians (with 95% central ranges) and the assessment of differences between the independent samples by the Mann-Whitney U test with two-tailed probability. P-values of below at least 0.05 were considered statistically significant. The correlations of PWV with CV risk factors were assessed by Spearman rank correlations analysis, and their associations by stepwise least squares multiple regression analysis. The association of increased PWV indicative of increased aortic stiffness with CV risk factors indicative of cardiovascular risk was determined by stepwise logistic regression analysis. All investigated variables were dichotomized (below versus above the level indicative of CV risk). The goodness of the logistic regression models was assessed by the c-statistic as well as by overall model fit through the p-value of c 2 statistics.
Results
All data of 805 participants aged 20-65 were evaluated as a group of the WHgr, and additionally in AHgr and Rgr groups. The AHgr consisted of the subjects with SBP < 140 mm Hg and DBP < 90 mm Hg, BMI < 30 kg/m 2 , without a history of known heart disease, diabetes, hypertension and without known medication usage against diabetes, hypertension or hyperlipidemia. Rgr consisted of the participants with at least hypertension, diabetes, or obesity; 13 of them additionally had a history of known heart disease, and 21 participants reported medication usage against hyperlipidemia.
Descriptive statistics of the groups with mean values, 95% central range, crude prevalence of their values indicative of CV risk and comparison of AHgr and Rgr are presented in Table I . Table I shows that men and women within each group were about at the same age and with similar PWV. The prevalence of men and women at age of CV risk in WHgr was about 40%, and was approximately 2.5-fold greater in Rgr as compared with AHgr. The proportion of men and women with PWV indicative of arterial stiffening was about 20% in WHgr, and about 5 to 7-fold greater in Rgr than in AHgr women and men, consequently.
In addition to similar age and PWV between genders of the same group, there were no significant differences in Lp(a), TC and hsCRP across all groups, and in SBP, BMI and LDL-C in Rgr.
The whole population demonstrated high prevalence of people at age of CV risk, smokers, with hypertension, obesity, and hyperlipidemia. The prevalence of smokers was about 30%, and in men it was about 10% higher than in women.
The association of PWV with age, blood pressure, BMI, and biochemical CV risk factors was assessed by stepwise least squares multiple regression analysis. Only the variables that showed significant correlations with PWV in Spearman rank correlation analysis were included in the regression analysis. The final models demonstrating significant relationships are presented in Table II . Table II demonstrates that age and SBP had a significant relationship with PWV in both genders of all groups. In women BMI and ApoB provided an additional value to the association of age and SBP with PWV, except those of Rgr women without the additional influences of ApoB on this association. The models based on the above-mentioned risk factors showed the relationship of corresponding variables with about 50% of PWV values (R multiple correlation coefficients indicated that the above-mentioned variables were in a close relationship with PWV, except for Rgr women with worse results.
In addition, the association of PWV indicative of increased arterial stiffness with age, blood pressure, BMI and the level of biochemical CV risk factors indicative of CV risk as well as with diabetes and smoking was evaluated. Table III presents the final models containing CV risk factors in significant association. Table III demonstrates the overall good model fit by c 2 statistics and the near perfect discriminatory power shown by the concordance index (c-statistic) value of 1.0, with slightly worse values in Rgr women.
All men and women without hypertension, diabetes or obesity aged equal to or above 50 had high OR for increased PWV, and thus increased arterial stiffness. In addition, men with increased SBP had higher odds for increased PWV. Similar to men, women with increased SBP also had higher odds, even independent of their age, but only at additional influences of diabetes.
Discussion
This article is the first to present data on PWV distribution and its association with CV risk factors in a population of Tallinn adults, Estonia. To the best of our knowledge, the present study is the first to demonstrate separately the differences in the gender-related associations between PWV measured by Arteriograph and CV risk factors in a high-risk population aged 20-65 stratified by absence or presence of hypertension, diabetes or obesity.
Tallinn adults had mostly high prevalence of CV risk factors, especially hyperlipidemia with the crude prevalence of increased level of main lipids from 60% to 90%. About 30% were smokers. However, 46% of men and 65% of women had normal blood pressure and were not obese or diabetics. That was the reason why we separated out their data into a separate AHgr, and the rest formed the Rgr.
The highest prevalence of increased PWV and most of the CV risk factors were found in Rgr adults who were also older. The reason is probably the highest age as well as prevalence of CV risk factors. The study of Boutouyrie et al. [16] also demonstrated a more prominent increase of PWV with age in subjects with high blood pressure, and a more significant increase of blood pressure in older subjects. Our finding is in accordance with their results in terms of the highest blood pressure in Rgr with the highest age, and the highest PWV in this group.
The PWV within groups was found without significant heterogeneity between genders. Considering the higher level of most CV risk factors in men of each group than in women, while age was about the same, it seems that age had a major influence on the similarity in PWV. Some authors [17] [18] [19] have also reported absence of differences in PWV between genders, and the results of some studies with higher PWV in women than in men can probably be explained by the higher average age of women in those studies [20] .
We evaluated statistically the association between PWV and CV risk factors and also the association between increased PWV and the level of CV risk factors indicative of CV risk across genders and groups.
It was demonstrated that men of WHgr, AHgr and Rgr had the relationship of age and SBP with 62%, 46% and 52% of PWV values. However, in women some discrepancies between groups and genders were obtained. In contrast to men, in women BMI and ApoB explained part of the variation in PWV in addition to age and SBP. While BMI was related to PWV in all women, apoB showed a relationship only in WHgr and AHgr. The resulting models in women showed a relationship with 54% of PWV in WHgr, 48% in AHgr, and only 30% in Rgr. Our results are very similar to other studies that have indicated that only about half of the variability could be explained by CV risk factors, mainly by age and SBP [20, 21] . Some other factors might contribute to the variance of PWV values, such as genetics, as demonstrated in a study of twin pairs with the power of 45-58% [22] .
The relationship of BMI with PWV in women of our study was reversible, which is in accordance with the evidence of several systematic reviews of the 'obesity paradox' that obesity seems to be protective in patients with CVD [1] .
Aging showed not only a strong relationship with PWV, but also the strongest association at CV risk levels with increased PWV, indicative of increased arterial stiffness. Age equal to or higher than 50 years was the only variable with a close association and high OR in AHgr, independent of gender. Men of remaining groups at CV risk age also had high OR, and with elevated SBP had additional OR. However, discrepancies in variables and OR were obtained in women of the remaining groups. While SBP and diabetes were unique variables for both groups, age had a significant OR only in the whole group. In contrast to men of Rgr, women with diabetes had higher odds for increased PWV than those without diabetes.
The observed differences between genders may be explained by the fluctuations of female hormones, which may provoke discrepancies in the influence of CV risk factors on PWV both between different hormonal periods in women and in the comparison of women with men [23] .
Previous studies have observed mostly the association of only age and SBP with PWV. Even when evidence of some associations was given, no significant contribution of other CV risk factors to PWV were recorded [5, 14, 16, 17, 24, 25] .
Although gender studies have been reported, no separate investigations of gender-related features of the association of CV risk factors with PWV measured by Arteriograph are available. Nor has, to the best of our knowledge, an association of diabetes with increased PWV or a relationship of BMI with PWV variations been demonstrated before separately in women aged 20-65, and the last variable even in women without obesity. Among our findings is the strong relationship between ApoB and PWV in AHgr women. As compared with other biochemical CV risk factors, the relation of ApoB to PWV has been investigated only to some extent. In this regard, Amar et al. found a close relationship between ApoB and PWV, which is interesting although they observed a group with risk factors that is not closely comparable with our AHgr [26] .
In conclusion, the discrepancies obtained between genders and groups indicate more precisely the groups and risk factors for the preventive strategy in a high-risk population. Thus, hypertensive men aged equal to or above 50 years as well as hypertensive women with diabetes, and also the increase of apolipoprotein B level in apparently healthy women, require special attention to avoid the development of increased arterial stiffness timely.
